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0 The present invention relates to sensors and 
more particularly to gas sensors suitable for use in 
gases and gaseous mixtures. 

The present invention provides a gas sensor 
comprising a liquid electrolyte and two or more 
electrodes in communication with the said liquid 
electrolyte and capable of being contacted with a 
gas or gaseous mixture, the an-angement being such 
that two or more of the electrodes produce different 
potentials when in contact with the said gas or 
gaseous mixture. 

A liquid electrolyte may be, for example, a thin 

^film of water, or a thin film of an aqueous solution, in 

^ communication with the electrodes. 
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SENSORS 



The present, invention relates to sensors and 
more particularly to gas sensors suitable for use in 
gases and gaseous mixtures. 

According to one aspect of the present invea-_ 
tion there is provided a gas sensor comprising a 
liquid electrolyte and two or more electrodes in 
communication with the said liquid electrolyte and 
capable of being contacted with a gas or gaseous 
mixture, the arrangement being such that two or 
more of the electrodes produce different potentiais 
when in contact with the said gas or gaseous 
mixture. 

The liquid electrolyte may be. for example, in 
the form of a thin layer or thin film. For example, 
the thin layer or film may be up to about a micron 
in thickness. 

Where the liquid electrolyte is in the form of a 
thin layer or thin film it is preferably supported by a 
support material. 

By way of example the liquid electrolyte may 
comprise a thin film of water, or a thin film of an 
aqueous solution. 

Further, by way of example, a liquid electrolyte 
may be formed by forming a thin layer of water, or 
a thin layer of an aqueous solution, on a support 
material; thus, for example, a thin layer of water 
may be formed by deposition as moisture, for 
example, from the environment. 

The support material may be, for example, any 
material which is capable of supporting a layer or 
film of liquid electrolyte and which does not inter- 
fere, or does not interfere unacceptably, with the 
operation of the gas sensor. For example, the sup- 
port material may be tin oxide, zinc oxide or alu- 
minium oxide. Optionally, the support material may 
be porous to facilitate retention of a liquid elec- 
trolyte. 

By way of further example, the support ma- 
terial may be an organic membrane. For example 
the organic membrane may be a perfluoro sul- 
phonic acid membrane (such as that available un- 
der the Trade Name "Nation"), a cationic exchange 
resin (such as that available under the Trade Name 
"Raipore") or a hydrophilic microporous film (such 
as that available under the Trade Name 
"Celguard"). 

The electrodes may be arranged to produce 
different potentiais when in contact with the com- 
mon gas or gaseous mixture such that the sensor 
is a mixed potential gas sensor, for example, by 
arranging for the electrodes to be of different size, 
or by arranging for the electrodes to be of different 
materials (e.g. Pt or Au or Ni), or by arranging for 
the rate of diffusion to and/or from one electrode to 
be different (e.g. by use of a porous diffusion 



"barrier" at one electrode). 

A gas sensor in accordance with the present 
invention may be used in quantitative and/or quali- 
tative determinations with gases and gaseous mix- 
5 tures. 

The electrodes may be In direct communica- 
tion with the liquid electrolyte by being in contact 
therewith. 

It will be appreciated that the potentials devel- 
10 oped at each electrode are due to the electrode 
reactions with constituents in the gas or gaseous 
mixtures. 

By way of example a sensor in accordance 
with the present invention may be used to detect, 

75 in air, gases such as hydrogen, carbon monoxide. 
NH„ SOi and H,S. 

The sensor may, for example, include a means 
for measuring the potentials, or difference in poten- 
tials developed, by the electrodes. 

20 ■ The means for measuring the potential pro- 
duced may be, for example, a high impedance 
voltmeter (e.g. digital voltmeter (DVM)) the imped- 
ance of -which allows a rest voltage to be shown 
(e.g. a rest voltage of say about 100 millivolt may 

25 be arranged to be shown by a voltmeter). 

It will be appreciated that, as an alternative to 
measuring potential or voltage, current may be 
measured. Thus, for example changes in current 
from the sensor may be used to detect the pres- 

30 ence or absence of a gas. 

Thus the sensor may include, for example, a 
mean for measuring current. 

A support material for use in accordance with 
the present invention may be, for example, pre- 
ss pared by pressing a suitable material in powder 
form (e.g. to form a disc, plate or pellet which disc, 
plate or pellet may optionally be porous). 

According to another aspect of the present 
invention there is provided a method of sensing a 

40 gas which comprises contacting a sensor with the 
gas and measuring the electrical potential response 
of the sensor, said sensor comprising a liquid elec- 
trolyte, and two or more electrodes in communica- 
tion with the said liquid electrolyte, the arrange- 

45 ment being such that two or more of the electrodes 
produce different potentials when in contact with 
the gas, and said electrolyte and said electrodes 
being in contact with the gas. 

In accordance with the present invention it is 

50 believed that, where the electrolyte is a thin layer 
of water (e.g. moisture from the atmosphere) or a 
thin layer of an aqueous solution, a rest potential 
may be observed due to the output of an elec- 
trochemical cell comprising the electrodes and the 
thin layer of water. It is believed that the observed 
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gas responses are generated by various reactions 
at the electrodes to give different potentials and 
thereby provide a gas sensitive "mixed potential". 

It is to be understood that a sensor device in 
accordance with the present invention can operate 
at substantially room temperature and tiius the 
requirement of providing a heating means may be 
avoided. 

It is also to be understood that since the mea- 
sured voltage or current is developed by the sen- 
sor the requirement of providing an external elec- 
trical supply as is necessary in the case of a 
sensor working on. for example, resistivitiy 
changes, is substantially avoided (i.e. a device in 
accordance with the present invention may be sub- 
stantially "self-powered"). 

It will be appreciated that in operation a gas to 
be detected or gaseous mixture containing a gas to 
be detected may be passed over a sensor in 
accordance with the present invention and the po- 
tentials generated used to detect the presence of 
the gas. 

The voltage is preferably measured using a 
voltmeter of impedance such that a rest voltage is 
measureable. 

For example, it is possible to arrange for a rest 
voltage to be shown in air (e.g. 100 mV) so that the 
introduction of other gases into air may be de- 
tected. 

The potential developed is believed to be re- 
lated to the concentration in the gaseous mixhjre of 
gas which gives reaction at the electrodes. Thus it • 
is -possible, for example, to detect gases (e.g. Hi, 
CO, NH„ SOj and H,S) in air. 

As hereinbefore disclosed, current from the 
sensor may be measured as an alternative to mea- 
suring voltage. 

Sensors in accordance with the present inven- 
tion are believed to be less prone to moisture 
"poisoning" than are resistance modulating de- 
vices. 

The invention will now be further described, by 
way of example only, with reference to Figures 1 to 
11 of the accompanying drawings and with refer- 
ence to the Examples 1 to 10. 

In the Drawings: 
Rgure 1 is a diagrammatic representation of 
one form of gas sensor in accordance with the 
invention; 

Figure 2 shows the voltage response of a 
sensor in accordance with the invention to 1% 
hydrogen in air; 

Rgure 3 shows the voltage response of a 
sensor in accordance with the present invention to 
1 % hydrogen in air; 

Figure 4 shows the voltage response of a 
sensor in accordance with the present invention to 
1% CO in air; 



Figure 5 shows the voltage response of a 
sensor in accordance with the present invention to 
0.1% HjS in air; 

Rgure 6 shows the voltage response of a 
s sensor in accordance with the present invention to 
1% Hjin air; 

Rgure 7 shows the voltage response of a 
sensor in accordance with the present invention to 
1% CO in air; 

10 Rgure 8 shows the voltage response of a 

sensor in accordance witti the present invention to 
0.1% HaS In air; 

Rgure 9 shows the voltage response of a 
sensor in accordance with the present invention to 
IS air saturated with CHsOH at 20"C; 

Rgure 10 shows the voltage response of a 
sensor in accordance with the present invention to 
1% NHj in air; and 

Rgure 11 shows the voltage response of a 
20 sensor in accordance with the present invention to 
1% Hj in air. 

Refening now to Rgure 1 of the accompanying 
drawings there is shown a gas sensor having a 
support material 1 in contact with an electrode 2 
25 and an electrode 3. The electrodes 2 and 3 are in 
communication with a thin film of liquid electrolyte 
4. 

Conductors 5 and 6 are provided to connect 
the electrodes 2 and 3 to a voltage measuring 
30 means 7 for measuring voltage from the sensor. 

In operation a gas to be detected or a gaseous 
mixture containing a gas to be detected is passed 
over the sensor, a different potential is developed 
at each electrode 2 and 3 and the resulting mixed 
3S potential is detected by means 7. 



EXAMPLE 1 

40 A sensor of the fonm shown in Rgure 1 of the 
accompanying drawings was used to detect hy- 
drogen in air. 

The sensor had a support material of tin diox- 
ide having a Au electrode provided by sputtering 
45 and a Pt electrode provided by sputtering. The Au 
and R were connected to a voltage measuring 
device (DVM) via Cu wires. 

A thin film of water was allowed to fonn from 
the atmosphere onto the tin dioxide and between 
so the electrodes to serve as a liquid electrolyte. 

The sensor was placed in an enclosure and 
altemately air and air containing 1% hydrogen was 
passed over the sensor. 

The voltage response of this sensor is shown 
ss in Rgure 2. With air passing over the sensor a rest 
voltage was observed as shown; upon contacting 
the sensor with 1 % H, in air the voltage decreased 
as shown in Rgure 2. 
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It will be appreciated that "H, ON" and "H, 
OFF" in Figure 2 indicate respectively ttie point in 
time at whicii air containing 1 % Hj was introduced 
to the sensor and the point in time at which air 
containing 1% Hi was replaced by air. 



EXAIV1PLE2 

A sensor of the form shown in Figure 1 of the 
accompanying drawings was used to detect hy- 
drogen in air. 

The sensor had a support material of WO, 
having sputtered Au and Pt electrodes. 

A thin film of water was allowed to form from 
the atmosphere onto the WOa and between the 
electrodes to serve as a liqirid electrolyte. 

The sensor was placed in an enclosure and 
alternately air and air containing 1 % hydrogen was 
passed over the sensor. 

The voltage response of the sensor device to 
Hi fs shown in Figure 3. 

With air passing over the sensor a rest voltage 
was observed as shown; upon contacting the sen- 
sor with 1 % hydrogen in air the voltage decreased 
as shown in Figure 3. 

It will be appreciated that "H, ON" and "H, 
OFF" in Figure 3 indicate respectively the point in 
time at which air containing 1% Hz was introduced 
to the sensor and the point in time at which air 
containing 1% H, was replaced by air. 



EXAMPLE 3 

The procedure of Example 2 was followed us- 
ing a sensor of the type used therein (i.e. 
Au/WOj/Pt) with the exception that air containing 
hydrogen was not used and alternately air and air 
containing 1% carbon monoxide was passed over 
the sensor. 

The voltage response of the sensor to CO is 
shown in Figure 4. 

With air passing over the sensor a rest voltage 
was observed as shown; upon contacting the sen- 
sor with 1% CO in air the voltage decreased as 
shown in Figure 4. 

It will be appreciated that "CO ON" and "CO 
OFF" in Rgure 4 indicate respectively the point in 
time at which air containing 1 % CO was introduced 
to thQ sensor and tiie point in time at which air 
containing 1% CO was replaced by air. 



EXAMPLE 4 

The procedure of Example 2 was followed us- 
ing a sensor of the type used therein (i.e. 
5 Au/WOj/Pt) with the exception that air containing 
CO was not used and alternately air and air con- 
taining 0.1% hydrogen sulphide was passed over 
the sensor. 

This voltage response of the sensor to HjS is 

10 shown in Rgure 5. 

With air passing over the sensor a rest voltage 
was observed as shown; upon contacting the sen- 
sor with 0.1% HsS in air the voltage decreased as 
shown in Figure 5. 

IS It will be appreciated that "HjS ON" and "H2S 

OFF" in the Figure 6 indicate respectively the point 
in time at which air containing 0.1% H^S was 
introduced to the sensor and the point in time at 
which air containing 0.1% HjS was replaced by air. 

20 

EXAMPLE 5 

A sensor of the form shown in Rgure 1 of the 
25 accompanying drawings was used to detect hy- 
drogen in air. 

The sensor had a support material of ZnO 
having sputtered Au and Pt electrodes. 

A thin film of water was allowed to form from 
30 the atmosphere onto the ZnO and between the 
electrodes to serve as a liquid electrolyte. 

The sensor was placed in an enclosure and 
alternately air and air containing 1 % hydrogen was 
passed over the sensor. 
35 The voltage response of the sensor to Hj is 
shown in Figure 6. 

With air passing over the sensor a rest voltage 
was observed as shown; upon contacting the sen- 
sor with 1% hydrogen in air the voltage decreased 
40 as shown in Figure 6. 

It will be appreciated that "H, ON" and "Hj 
OFF" in Rgure 6 indicate respectively the point in 
time at which air containing 1 % Hj was introduced 
to the sensor and the point in time at which air 
45 containing 1 % Hi was replaced by air. 



EXAMPLE 6 

so The procedure of Example 5 was followed us- 
ing a sensor of the type used therein (i.e. 
Au/ZnO/R) with the exception that air containing 
hydrogen was not used and alternately air and ^r 
containing 1% carbon monoxide was passed over 
55 the sensor. 

The voltage response of the sensor to CO is 
shown in Rgure 7. 

With air passing over the sensor a rest voltage 
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was observed as shown; upon contacting the sen- 
sor with 1% CO in air the voltage decreased as 
shown in Figure 7. 

it will be appreciated that "CO ON" and "CO 
OFF" in Figure 7 indicate respectively the point in 
time at which air containing 1 % CO was introduced 
to the sensor and the point in time at which air 
containing 1% CO was replaced by air. 



EXAIVIPLE 7 

The procedure of Example 5 was followed us- 
ing a sensor of the type used therein (i.e. 
Au/ZnO/Pt) with the exception that air containing 
hydrogen was not used and alternately air and air 
containing 0.1% hydrogen sulphide was passed 
over the sensor. 

The voltage response of the sensor to HjS is 
shown in Figure 8. 

With air passing over the sensor a rest voltage 
was observed as shown; upon contacting the sen- 
sor with 0.1% HjS in air the rest voltage decreased 
as shown in Figure 8. 

It will be appreciated that "H,S ON" and "H,S 
OFF" in Rgure 8 indicate respectively the point in 
time at which air containing 0.1% HjS was intro- 
duced to the sensor and the point in time at which 
air containing 0.1% l-IzS was replaced by air. 



EXAIWPLE 8 

The procedure of Example 5 was followed us- 
ing a sensor of the type used therein (i.e. 
Au/ZnO/Pt) with the exception that air containing 
hydrogen was not used and alternately air and air 
saturated with CHsOH at 20"C was passed over 
the sensor. 

The voltage response of the sensor to air satu- 
rated with CjHjOH at 20°C is shown in Rgure 9. 

With air passing over the sensor a rest voltage 
was observed as shown; upon contacting the sen- 
sor with the CjHsOH in air the voltage decreased as 
shown in Figure 9. 

It will be appreciated that "CjH,OH ON" and 
"CjHsOH OFF" in the Figure 9 indicate respectively 
the point in time at which the air containing CiHsOH 
was introduced to the sensor and the point in time 
at which the air containing CHsOH was replaced 
by air. 



EXAMPLE 9 

The procedure of Example 5 was followed us- 
ing a sensor of the type used therein (i.e. 
Au/ZnO/Pt) with the exception that air containing 



hydrogen was not used and alternately air and air 
containing 1 % NH3 was passed over the sensor. 

The voltage response of the sensor to NHj is 
shown in Rgure 10. 

5 With air passing over the sensor a rest voltage 

was observed as shown; upon contacting the sen- 
sor with 1% NH3 in air the voltage decreased as 
shown in Figure 10. 

It will be appreciated that "NH, ON" and "NH3 

70 OFF" in Rgure 10 indicate respectively the point in 
time at which air containing 1% NHj was intro- 
duced to the sensor and the point in time at which 
air containing 1% NHi was replaced by air. 

75 

EXAMPLE .10 

A sensor of the form shown in Figure 1 of the 
accompanying drawings was used to defect hy- 
20 drogen in air. 

The sensor had a support material of perfluoro 
sulphuric acid membrane (available under the 
Trade Name "Nation") having a Au electrode pro- 
vided by sputtering and a Pt electrode provided by 
25 sputtering. 

The Au and R electrodes were connected to a 
voltage measuring device (DVM) via Cu wires. 

A thin' film of water was allowed to form from 
the atmosphere onto the membrane and between 
30 the electrodes to serve as a liquid electrolyte. 

The sensor was placed in an enclosure and a 
stream of air was passed over the sensor. After 60 
minutes the stream of air was replaced by a stream 
of 1% H, in air. 
35 After a further 60 minutes the stream of 1% Hj 
in air was replaced by a stream of air. 

The voltage response of this sensor is shown 
in Figure 11. With air passing over the sensor a 
rest voltage was observed as shown; upon contact- 
40 ing the sensor with 1% H, in air (at time 60 
minutes) the voltage decreased as shown in Rgure 
11. 

On replacing the steam of 1 % Hj in air with a 
steam of air (at time 120 minutes) the voltage 
45 increased as shown in Rgure 1 1 . 



Claims 

50 1 . A gas sensor comprising a liquid electrolyte 
(4) and two or more electrodes (2, 3) in commu- 
nication with the said liquid electrolyte and capable 
of being contacted with a gas or gaseous mixture, 
the arrangement being such that two or more of the 

55 electrodes produce different potentials when in 
contact with the said gas or gaseous mixture. 
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2. A gas sensor as claimed in Claim 1 wherein 
the liquid electrolyte as in the form of a thin layer 
or film. 

3. A gas sensor as claimed in Claim 2 wherein 

the liquid electrolyte comprises a thin film of water 5 
or a thin film of an aqueous solution. 

4. A gas sensor as claimed in Claim 2 or Claim 
3 wherein the liquid electrolyte is in the form of a 
thin layer or a thin film and the thin layer or thin 

film is supported by a support material (1). io 

5. A gas sensor as claimed in Claim 4 wherein 
the support material comprises tin oxide, or zinc 
oxide, or aluminium oxide. 

6. A gas sensor as claimed in Claim 6 wherein 

the organic material is an organic membrane. is 

7. A gas sensor as claimed is any one of 
Claims 4 to 7 wherein the liquid electrolyte is 
fomned by fomning a thin layer of water, or a thin 
layer of an aqueous solution, on the support ma- 
terial. 20 

8. A gas sensor as claimed In any one of 
Claims 1 to 8 wherein the liquid electrolyte is 
formed by deposition as moisture on the support 
material. 

9. A gas sensor as claimed in any one of the 25 
preceding claims when the gas sensor involves a 
means for measuring potential, or a difference in 
potentials, developed by the electrodes. 

10. A gas sensor as claimed in any one of 
Claims 1 to 13 wherein the sensor includes a 30 
means for measuring current. 

11. A method of sensing a gas which com- 
prises contacting a sensor with the gas and mea- 
suring the electrical potential response of the sen- 
sor, said sensor comprising a liquid electrolyte, and 35 
two or more electrodes in communication with the 

said liquid electrolyte, the arrangement being such 
that two or more of the electrodes produce different 
potentials when in contact with the gas, and said 
electrolyte and said electrodes being in contact 4o 
with the gas. 

12. A method as claimed in Claim 11 wherein 
hydrogen carbon monoxide, ammonia, sulphur 
dioxide or hydrogen sulphide is detected in air. 
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Fig. 11. 
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